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In the early stages of heavy ion collisions, nonequilibrium effects play a dominant role.
A complete description of the dynamics of heavy ion reactions needs to include the effects of dissipation through nonequilibrium/dissipative fluid dynamics. As is well-known [1] , extended theories (which are hyperbolic and causal) of dissipative fluids due to Grad [2] , Müller [3] , and Israel and Stewart [4] were introduced to remedy some undesirable features such as acausality. It seems appropriate therefore to resort to hyperbolic theories instead of parabolic theories (due to Eckart [5] and to Landau and Lifshitz [6] ) in describing the dynamics of heavy ion collisions.
The parabolic theories of dissipative fluid dynamics are based on the assumption that the entropy four-current contains terms up to linear order in dissipative quantities and hence they are referred to as first order theories of dissipative fluids. The resulting equations for the dissipative fluxes are linearly related to the thermodynamic forces, and the resulting equations of motion are parabolic in structure, from which we get the Fourier-Navier-Stokes equations. They have the undesirable feature that causality may not be satisfied. That is, they may propagate viscous and thermal signals with speeds exceeding that of light.
The causal theories are based on the assumption that the entropy four-current should include terms quadratic in the dissipative fluxes and hence they are referred to as second order theories of dissipative fluids. The resulting equations for the dissipative fluxes are hyperbolic and they lead to causal propagation of signals. In second order theories the space of thermodynamic quantities is expanded to include the dissipative quantities for the particular system under consideration. These dissipative quantities are treated as thermodynamic variables in their own right. That is, nonequilibrium effects are introduced by enlarging the space of basic independent variables through the introduction of non-equilibrium variables, such as dissipative fluxes appearing in the conservation equations. The next step is to find evolution equations for these extra variables. Whereas the evolution equations for the equilibrium variables are given by the usual conservation laws, no general criteria exist concerning the evolution equations of the dissipative fluxes, with the exception of the restriction imposed on them by the second law of thermodynamics.
A natural way to obtain the evolution equations for the fluxes from a macroscopic basis is to generalize the equilibrium thermodynamic theories. That is, we assume the existence of a generalized entropy which depends on the dissipative fluxes and on the equilibrium variables as well. Restrictions on the form of the evolution equations are then imposed by the laws of thermodynamics. From the expression for the generalized entropy one then can derive the generalized equations of state, which are of interest in the description of the system under considera-tion. The phenomenological formulation of the transport equations for the first order and second order theories is accomplished by combining the conservation of energymomentum and particle number with the Gibbs equation. One then obtains an expression for the entropy 4-current, and its divergence leads to entropy production. Because of the enlargement of the space of variables the expressions for the energy-momentum tensor T µν , particle 4-current N µ , entropy 4-current S µ , and the Gibbs equation contain extra terms. Transport equations for dissipative fluxes are obtained by imposing the second law of thermodynamics, that is, the principle of nondecreasing entropy.
The connection between the macroscopic theory and microscopic theory enters through the transport coefficients of the matter. The equation of state provides closure to the system of conservation equations.
The consequences of non-ideal fluid dynamics, both first order (if applicable) and second order were demonstrated [1] in a simple situation, assuming the Bjorken scaling solution and a simple equation of state. A more careful study of the effects of non-ideal fluid dynamics on the observables is therefore important. Conversely, measurements of the observables related to thermodynamic quantities would allow us to determine the importance and strength of dissipative processes in heavy ion collisions.
For the complete description of the dynamics of viscous, heat conducting matter we need to consider more realistic situations: a system that expands in both the longitudinal and transverse directions [7] and we need a full (3+1)-dimensional solution to the conservation and evolution equations. Also a thorough study of the equations of state and transport coefficients is needed [8] . This will require extensive numerical computations. This is a challenging but interesting problem which is studied right now.
